We report a case of a 52-year-old man with drug-resistant temporal lobe epilepsy, with post-ictal violent aggressive behaviors. Postictal violent outbursts would occur 3-4 times per year following clusters of seizures or generalized tonic-clonic convulsions. The violent outbursts were traumatizing for his family, and lead to multiple emergency department presentations as well as conflicts with police over the course of nine years. After initiation of pindolol the patient has had no episodes of violent behavior in two years despite experiencing the same frequency and severity of seizures as before pindolol. The abrupt cessation of postictal violent outbursts after introduction of pindolol in this case provides a novel management option for the treatment of postictal violence in patients with drug-resistant epilepsy and supports the importance of the beta adrenergic and potentially serotonergic systems in postictal violent behavior. 
A 52-year-old male with a history of focal epilepsy was diagnosed at the age of 14. He has no history of febrile seizures, meningitis, encephalitis, significant head trauma or developmental delay. The patient does not have a history of violent behavior independent of his seizures.
The patient has two types of seizures. He experiences focal seizures with alteration of awareness associated with a sense of deja vu followed by an unpleasant feeling in his stomach, inability to speak and alteration in awareness with post-ictal fatigue. In addition, he experiences focal to bilateral tonic-clonic seizures with post-ictal fatigue lasting for several hours.
In 2008, he was noted to have an increase in seizure frequency, up to one convlsive seizure a month, and began experiencing aggressive outbursts associated with violence in the post-ictal period. At that time, he was taking valproic acid and lamotrigine for seizure management. The first aggressive outburst presented with aggressive behavior and suicidal delusions. During this event he assaulted his neighbor and threatened to harm his children. He was found to have Enterococcus faecium bacteremia and it was assumed that his aggressive behavior was related to delirium asscoiated with infection. Later that year; however, he presented to medical attention with a second event. He had experienced three seizures in one day and soon after became psychotic with delusional thinking and combative behavior which lasted for several hours. Since this time the patient continued to have episodic aggressive behavior which was consistently observed in the post-ictal period. Aggression and violence were typically observed after clusters of multiple seizures or tonic-clonic seizureswithin hours after the seizures lasting for several hours. During one episode of postictal violence, he presented to the Emergency Room. An EEG performed at this time documented a brief right temporal electrographic seizure which was not associated with any obvious ictal clinical manifestations, aside from the agitated state as the reason that the patient presented to the Emergency Room. A formal psychiatric evaluation was performed during the admission with the psychiatrist providing an axis 1 diagnosis of post-ictal psychosis.
During the following two years, his valproic acid dose and lamotrigine were increased, yet he still had inadequate seizure control. The patient was subsequently trialed on lacosamide which was not associated with any improvement in seizure control.
In 2010, he was admitted to the University of Alberta epilepsy monitoring unit for prolonged video-EEG telemetry. During that time, he demonstrated seizures associated with alteration of awareness arising from the right temporal lobe. Neuropsychological assessment demonstrated normal intelligence with intact verbal memory and mild to moderately impaired figural memory consistent with right mesial temporal lobe dysfunction. MRI of the brain did not show any obvious structural abnormality. Specifically, there was no evidence of hippocampal sclerosis or any other temporal lobe structural lesions. Based on the absence of an obvious structural lesion, intracranial EEG evaluation was suggested; however, the patient declined this investigation due to reluctance for surgical intervention.
From 2010 to 2015 carbamazepine and clobazam were introduced without any improvement in seizure control. The change in the patient's antiseizure drugs was not associated with any psychiatric symptoms. He continued to experience seizures two to three times a month despite medical therapy associated with prominent agitation and aggressive behavior leading to frequent trips to the emergency room. It was noted that his aggressive behavior was undirected and unintentional but was exacerbated when attempts were made to restrain or control him. During one of these aggressive episodes, he got into a conflict with the police assaulting an officer and was subsequently arrested.
Based on the ongoing issues with postictal aggression, he reconsidered the option of epilepsy surgery and in 2016 he was admitted to the epilepsy monitoring unit for intracranial video-EEG monitoring. Bitemporal depth electrodes were implanted with the deepest contacts targeted at the amygdala and hippocampus (Fig. 1) . Interictal EEG demonstrated independent interictal epileptifrom discharges from the amygdala and hippocampus bilaterally. Ictal onset was documented independently from the deepest electrode contacts (amygdala and hippocampus) of both the right and left temporal electrodes (Fig. 2) . During the 16-day intracranial video-EEG evaluation, twenty seizures were recorded. Twelve focal seizures with alteration in consciousness were recorded with focal ictal onset in the right amygdala and hippocampus and six were recorded originating from the left amygdala and hippocampus (Fig. 2) . The remaining two seizures associated with focal to bilateral tonic-clonic seizures demonstrated bitemporal ictal EEG activity at onset without clear evidence of lateralization. With regard to seizure semiology, with the exception of ictal aphasia indicating left temporal seizures, most of the patient's recorded seizures were not associated with lateralizing ictal semiology. During one seizure, the patient had significant post-ictal agitation and pulled the depth electrodes out. Based on the demonstration of independent bitemporal ictal onset along with the lack of clear lateralization for two focal to bilateral tonic-clonic seizures, the patient was deemed to be a poor surgical candidate. He continued to experience extreme events with postictal rage and aggressive behavior occurring every two to three months. As the episodes of violence continued to be a major problem, having led to charges of assaulting a police officer and marital discord, psychiatry was consulted regarding possible pharmacological approaches to manage the violent behavior independent of seizure control. Based on the successful use of beta blockers in management of violent behavior in patients with brain injury [1, 2] , pindolol was trialed at 10 mg twice daily dosing assuming that this patient's postictal violence could have a similar underlying pathogenesis. Following the introduction of pindolol the patient has continued to experience seizures on a monthly basis including convulsions occurring at a similar rate compared to before pindolol was started. Despite experiencing similar seizure frequency and severity, the patient has not experienced any episodes of postictal aggression and violence in over two years since pindolol was initiated.
Discussion
While uncommon, several studies reported violence and rage in seizure patients as a post-ictal phenomenon [3, 4] . It has been described as a subacute presentation hours-to-days after seizures with patients developing aggressive behavior during post-ictal psychosis [3] . Post-ictal psychosis has been described in the literature as frank visual and auditory hallucination, paranoid delusions, thought disorder, and mood symptoms occurring after seizures [3, 5] . These behaviors are generally out of character for the patient, most often occur in males and typically occur after a cluster of seizures [6] . Reported risk factors for these postictal psychoses include bilateral interictal epileptiform discharges, similar to our patient, as well as other factors such as: an aura of ictal fear, a longstanding history of epilepsy prior, and brain structural lesions [4] . Post-ictal state violence is usually non-directed, and resistive violence, such as in our patient [3] .
Neural circuits for aggression have been widely described in the literature. On a structural level several regions have been described in pathophysiology of aggression, including the prefrontal cortex as well as the temporal lobes. The prefrontal cortex (PFC) is where threat response analysis takes place. Thus, its dysfunction can increase aggression susceptibility through failure of risk assessment and response planning [6] . Serotonergic hypofunction in the aforementioned PFC has been associated with impulsive aggression in human studies. In the case of our patient's seizures, they originate from the temporal lobes, specifically from the amygdala and hippocampus bilaterally. The role of temporal lobe in aggression was first described when Kluver and Bucy performed bilateral temporal lobectomy in rhesus monkeys and reported enhanced aggressive behavior [7] . The amygdala and hippocampus have been implicated in ictal aggression. This can be elucidated by the role of stereotactic amygdalotomy in control of aggression in epilepsy patients with treatment-refractory aggression [8] . In addition, several animal studies described enhanced post-ictal defensive rage behavior in response to superkindling these limbic structures [9] . This concept of kindling the limbic structures in our case is a possible explanation as to why our patient only experienced aggressive events years after his initial presentation. Furthermore, metabolic studies at the time of induced aggression [10] and postictal psychosis in TLE patients [11] show excessive temporal and frontal hypermetabolism, suggesting increase activation in these areas during behavioral disturbances. This excessive cortical excitation may reflect a rebound phenomenon from a previous inhibition during the seizure [12] . This cortical hyperactivation in the setting of genetic predisposition, personality traits and emotional dysregulation may lead to postictal psychosis and behavioral outbursts.
Aggression is modulated through various neurotransmitters interplay (Table 1) . GABA is the main inhibitory neurotransmitter and it is critical in control of aggression. In adults with temporal lobe epilepsy (TLE) GABA-A receptor function and expression is altered [13] . How that results in aggression is less clear given the complex relationship between GABA receptors and aggression. Preclinical data suggest that pharmacologic measures enhancing GABAergic transmission inhibits aggressive behavior in mice. Human studies showed the inhibitory effect of GABA on aggression. Through direct modulation of these receptors an inverse relationship between plasma GABA levels and measures of aggression has been reported [14] . Nonetheless indirect allosteric modulation of these receptors has been shown to paradoxically induce aggression and this explains how barbiturates, alcohol, and benzodiazepines can increase aggression in some individuals [15] . Other neurotransmitters involved include serotonin, dopamine, catecholamines and glutamate. Serotonin deficiency hypothesis has been widely described in the literature based on studies reporting a negative correlation between low CSF concentration of 5-hydroxyindoleacetic acid (a serotonin metabolite) and aggressive behavior [16] . There is evidence of the dissociation between serotonin and dopamine release in nucleus accumbens and prefrontal cortex in rats with aggressive behavior. This is reflected by the increased dopamine activity in nucleus accumbens and prefrontal cortex with reduced cortical serotonin after an aggressive encounter in rats [17] . The involvement of the dopaminergic system in aggression has been utilized pharmacologically with antipsychotic agents targeting the D2 receptors showing efficacy in aggression management [18] . Glutamate is another neurotransmitter that has been implicated in impulsive aggression with evidence suggesting a positive correlation between CSF glutamate levels and measures of impulsive aggression in healthy individuals and those with personality disorder [19] . The role of the adrenergic system in potentiating aggression is well described. Plasma norepinephrine has been associated with induced aggressiveness in healthy individuals [20] .
These neurotransmitters provide the clue to crucial pharmacologic targets for aggression. The various neurotransmitters have been explored as targets for variety of medications described in managing aggression (Table 1) . While many medications have been described, we used pindolol based on successful data from brain injury trials [1, 2] . Some of its action on aggression is likely mediated by its central beta adrenoreceptor blockade. Catecholamines play a permissive role and potentially stimulate aggressive responses [21] and thus beta adrenoreceptor blockade is crucial for aggression treatment. Furthermore, pindolol is among a group of beta blockers that have been described as neuronal membrane stabilizers [22] . In turn this could silence some of the sensitive neurons and affect neuronal networks, potentially the aggression network included. Pindolol, as well as other beta blockers, has been described to have affinity for non-adrenergic centrally located serotonin 5-HT1A receptors [23] leading to increased serotonin availability, which could also potentially play a role in the successful treatment of aggression.
Pindolol has pronounced intrinsic sympathomimetic activity (ISA). Beta-blockers with intrinsic sympathomimetic activities (ISA) have partial agonist properties on beta receptors, in addition to it's beta blocking effects. Clinically the advantage of the intrinsic sympathomimetic activity use is to reduce the potential dose limiting side effects expected from the major beta receptor blockade such as bradycardia and ultimately lead to better resting sympathetic tone. Ultimately, the impact it has on reducing heart rate and forced expiratory volume in 1 s (FEV1) depends on the pretreatment sympathetic tone. Other beta-blockers that lacks these sympathomimetic properties have been described in the treatment of aggression, for instance propranolol and nadolol. This feature does not impact CNS penetration as that largely depends on lipophilicity of these drugs. As such propranolol, alprenolol, as well as pindolol cross the blood-brain barrier whereas practalol (a betBB with ISA features) has poor CNS penetration [24] . However, it is unclear if central blockade is necessarily beneficial in treating aggression [25] .
First and second-generation antipsychotics have been widely used for acute treatment of aggression especially in psychiatry patients. However, their use is;,limited by a wide range of side effect [26] . First generation antipsychotics are very potent D2 receptor blockers and as such have high risk of extrapyramidal symptoms such as acute akathisia, acute Table 1 The neurotransmitters implicated in aggression, and impact of various anti-aggression medications on these neurotransmitters. ⁎ Indirect allosteric modulation of GABA receptors has been shown to paradoxically induce aggression. Neurotransmitters D2 5-HT 1A Beta adrenergic Alpha 2 adrenergic GABA Glutamate
dystonias and dyskinesias as well as Parkinsonism and tardive dyskinesia along other side effects. Second generation antipsychotics have a lower risk of extrapyramidal symptoms when compared to first generation anitpsychotics. Other reported side effects include weight gain, hyperlipidemia and hyperglycemia with resultant type 2 diabetes mellitus, and worsening cardiovascular effects with elevated blood pressure, and prolongation of the QT interval on the ECG. Given this broad side effect profile their usage can be limiting [27] . Aggression in epilepsy patients in the form of post-ictal rage does necessitate a medication with high tolerability and limited side effects. Some beta-blockers have been widely described in literature in aggression management namely propranolol [29] , nadolol [30] , pindolol [1, 2] and metoprolol [31] . Beta-blocker's can cause increase airway resistance and facilitate hypoglycemia. They may also alter lipid metabolism, blood pressure, and heart rate to variable degree. The latter effects are more commonly encountered with beta-blocer that lacks the intrinsic sympathomimetic activity [28] .
Conclusion
In summary we demonstrate dramatic control of post-ictal violence in a patient with drug-resistant temporal lobe epilepsy with pindolol which provides a novel treatment option for patients with disabling postictal violence (in particular for those in whom seizures cannot be controlled with medication). The successful management of violent post-ictal behavior in our subject with pindolol suggests similar mechanisms of action could be responsible for patients with post-ictal violence and violence in the setting of traumatic brain injury with the presumed mechanisms involving the beta adrenergic and serotonergic systems.
